Dear Editor,
Caspases are cystein proteases that play major roles in the initiation and propagation of apoptotic signals. 1 Several human genes encoding caspases can undergo alternative mRNA splicing, which may lead to the production of shorter proteins. 2 Caspase-2 can function as both an initiator 3 and an effector 4 caspase, depending on the death stimulus and the cell type. The 12 exon-containing CASP-2 gene has been originally described to encode two isoforms with opposite roles in apoptosis. The long isoform, caspase-2L, is an ubiquitously expressed 48 kDa protein that appears to be instrumental in the triggering of apoptosis, whereas the short isoform, caspase-2S, is a predicted 34 kDa protein that can antagonize cell death when overexpressed. 5 Synthesis of these proteins depends in part on an alternative mRNA splicing event occurring in the 3 0 portion of the pre-mRNA. 6 Exon 9, a 61 bp sequence, is specifically inserted into caspase-2S mRNA, which leads to a premature stop codon at the very beginning of exon 10. In addition, we have shown recently that the two caspase-2 isoforms originate from translation of distinct mRNA species that are initiated at separate locations within the promoter region of the CASP-2 gene. 7 Promoter selection involves insertion of distinct noncoding first exons, whereas the translation initiation codon, located within the second exon, is the same for both isoforms. Whether the caspase-2S isoform exists as a protein in human cells remains a confusing issue. In addition to the 48 kDa long isoform, Western blot analysis of caspase-2 sometimes reveals a 33 kDa product, which is likely a proteolytic product of caspase-2L, rather than the caspase-2S protein.
We observed that the premature stop codon in caspase-2S mRNA was located within the theoretical limits imposed by the rule of nonsense-mediated mRNA decay (NMD). This active mRNA degradation process occurs when translation terminates more than 50-55 nucleotides upstream of the last intron-exon junction, 8 upon recruitment of UpF proteins. 9 The premature caspase-2S stop codon is located at the very beginning of exon 10, for example, more than 55 nucleotides upstream of the last intron-exon junction, whereas the stop codon for the caspase-2L protein is in the last exon.
We sought to look at the possibility that caspase-2S mRNA could be subjected to NMD, an event that can be readily determined from the analysis of mRNA half-life in the presence of the translation inhibitor cycloheximide. 10 First, we quantified caspase-2L and caspase-2S relative mRNA levels by real-time PCR analysis in a panel of human cell lines. The average caspase-2L/-2S mRNA ratio was always high, that is, above 100-fold in several cell lines including leukemic cells (U937, KG1), carcinoma cells (HeLa, HCT116, HepG2, HT29) and immortalized cells (293T, Chang) (data not shown). These observations were in accordance with previous studies demonstrating the low expression of caspase-2S mRNA in tissues. 11 We next treated cells for 2 h with cycloheximide before inhibiting mRNA synthesis by exposure to actinomycin D for up to 3 h. Caspase-2S and caspase-2L mRNA levels were analyzed by RT-PCR at various time points after the addition of actinomycin D (Figure 1a ). In HeLa, U937 and 293T cells, cycloheximide induced accumulation of caspase-2S mRNA, suggesting a very short-lived mRNA, without affecting exon 9-lacking caspase-2L mRNA. No further increase in caspase-2S mRNA was detected in the 3 h following actinomycin D addition ( Figure 1a) . These results, which were confirmed in KG1, THP-1, HCT116, HT29 and Chang cells, strongly suggest that caspase-2S mRNA is subjected to NMD. Similar observations were made by specific RT-PCR analysis of the 5 0 -end of caspase-2 transcripts (data not shown). The effect of cycloheximide was very rapid, that is, caspase-2S mRNA level increase was observed as soon as 15 min after the beginning of cycloheximide treatment (Figure 1b) , the maximum induction level being reached after 105-120 min. In addition, the use of actinomycin D either 2 h before that of cycloheximide or at the same time was also associated with increased exon 9 inclusion (data not shown). The protein synthesis blockade was found to reach 88, 92 and 96.8% after 15, 60 and 120 min of cycloheximide treatment, respectively. Very similar observations were made with the use of emetine, another translation inhibitor (Figure 1c) . Altogether, these results suggest that the primary trigger of caspase-2S mRNA instability is a protein with a very short half-life, the identity of which will have to be determined in future studies.
Based on overexpression experiments, the short isoform of caspase-2 was proposed to antagonize apoptosis. 5 From some of these in vitro results, accelerated death of facial motor neurons observed in vivo during the development of
À/À mice was interpreted as the consequence of caspase-2S isoform deletion in this specific cell type. 11 Nevertheless, no evidence was provided of detectable levels of caspase-2S protein in normal tissues and transformed cells. The demonstration that caspase-2S mRNA is subjected to NMD may indicate that the protein is usually not expressed or at very low level. However, since NMD can occur in a tissue-specific manner, 12 we cannot rule out the possibility that caspase-2S protein may be expressed at selected developmental stages or in specialized mature cells.
We then performed a survey of 23 transcripts from eight human caspase genes in a search for other caspase mRNA species that could be subjected to NMD. In addition to caspase-2S mRNA, a possible NMD signature was identified in one caspase-8 and one caspase-10 mRNA species (Table 1) . Exposure to cycloheximide for 2 h induced an important accumulation of caspase-10 transcript # 1 (Figure 1d) , regardless of the presence of actinomycin D. Kinetic analysis showed that the effect of cycloheximide was as rapid as in the case of caspase-2 mRNA (data not shown).
Similarly, emetine also triggered a strong and rapid increase in caspase-10 transcript # 1 accumulation (data not shown). These results suggest that caspase-10 transcript # 1 is also subjected to NMD. By analyzing various human cell lines, some authors identified the 31.4 kDa caspase-10c protein isoform that could correspond to caspase-10 transcript # 1, 13 whereas others did not. 14 The size of the protein makes it undistinguishable from that of cleavage products of procaspase-10a or -10d corresponding to transcripts # 2 and 4, respectively (Table 1 ), but our results suggest that caspase-10 transcript # 1 is unlikely to allow sustained protein expression. By contrast, cycloheximide did not affect the expression of caspase-8 transcript # 1, whose sequence suggested a possible regulation by NMD, nor that of caspase-8 transcript 3 used as a negative control. The lack of caspase-8 transcript # 1 NMD was confirmed by using two distinct sets of primers (Figure 1e) , suggesting that this transcript may correspond to an exception to the rule.
Taken together, our results strongly suggest that the antiapoptotic functions of the caspase-2S protein isoform and of the caspase-10c protein isoform should be readdressed critically by taking into account the possibility that these isoforms are usually not expressed or expressed at very low levels. Nevertheless, NMD appears to be rare among human caspase mRNAs, suggesting that the majority of alternatively produced protein isoforms harbor selective functions.
